Single amino acid substitutions within the ion permeation pathway alter single-channel conductance of the human L-type cardiac Ca2+ channel.
Voltage-dependent L-type Ca2+ channels select for Ca2+ and other divalent cations by high-affinity Ca2+ binding and ion-ion interactions in the permeation pathway. We have recently identified a series of highly conserved glutamate residues, located within the SS2 segments of each of the four repeats of the human heart Ca2+ channel alpha 1 subunit, as major determinants of ion selectivity of the channel. To further investigate the functional role of these glutamate residues in ion permeation, we have individually neutralized the glutamic acids in repeats II and IV by substitution with alanine or glutamine. Wild-type and mutant Ca2+ channels were expressed in Xenopus oocytes. Apparent affinity for external Ca2+ was assessed by measuring the block by Ca2+ of inward Li+ currents through the Ca2+ channels. Mutations reducing net negative charge at these positions resulted in a 10-fold reduction in the affinity of the channel for external Ca2+. Single-channel conductance was measured with either divalent or monovalent cations as the charge carriers. Substitution of glutamic acid at position 677 with either alanine or glutamine increased single-channel conductance, whereas the same substitutions at position 1387 resulted in a decrease in single-channel conductance with Ba2+ as the charge carrier. In contrast, the unitary current amplitude carried by Na+, in the absence of external divalent cations, was not altered by these mutations. The results suggest that these conserved glutamate residues participate in high-affinity Ca2+ binding within the pore. The different effects on Ba2+ permeation indicate an asymmetric arrangement of the glutamate residues between repeats II and IV.(ABSTRACT TRUNCATED AT 250 WORDS)